ABSTRACT: Wild-caught marine fish from 3 sites in SE Queensland, Australia, were examined over a period of up to 13 mo for infections of the parasitic ciliate Cryptocaryon irritans. Infections of C. irritans were found to be common on the fish sampled. Out of a total of 358 fish (14 species), 239 (66.7%) from 13 species were found to be infected. At Site 1 at the mouth of an estuary, the prevalence of C. irritans infections was 79% and the mean intensity was 12.9 parasites fish-'. At Site 2, a coastal bar area, the prevalence of infection dropped to 66 % and a mean intensity of 5.0 parasites fish-', whilst at Site 3 on the Great Barrier Reef, prevalence was lowest at 51 % with a mean intensity of 2.3 parasites fish-' The study concentrated on 2 sparid fishes, Acanthopagrus australis from Sites 1 and 2 and Gymnocranius audleyi from Site 3. The prevalence of infections on A. australis from Site 1 (n = 101) was 100% with a mean intensity of 14.6 parasites fish-', whilst at Site 2 (n = 74) the prevalence was 88 % at a mean intensity of 5.2 parasites fish-'. There was no apparent seasonality In prevalence or intensity of infections at Sites 1 and 2 despite water temperatures ranging between 15 and 27°C. At Site 3, the prevalence of infections of G. audleyi (n = 39) was 38% with a mean intensity of 1.9 parasites fish-'. The diameter of the tomonts collected from A. australis from Sites 1 and 2 vaned inversely with water temperature, and was not related to host size. Our results show that infections of C vntans are common on wild fish, not rare as previously thought. This may be partially due to the increased sensitivity of our tomont collection technique. Our data suggest that C. irritansmay exhibit a degree of host specificity in the wild, and also that its natural distribution can be extended into estuaries and seasonally into warm temperate waters.
INTRODUCTION

Cryptocaryon irn'tans
is the parasitic ciliate that causes 'whitespot' disease of marine fish. It is responsible for severe epizootics resulting in major stock losses in both aquarium fishes (Brown 1951 , Sikarna 1961 , Nigrelli & Ruggien 1966 , Wilkie & Gordin 1969 and manculture facilities worldwide (Huff & Burns 1981 , Colorni 1985 , Kaige & Miyazaki 1985 , Rasheed 1989 , Diarnant et al. 1991 . C. irritans has a direct Lifecycle which is completed most effectively when fish are confined. The histophagous trophont feeds on the epidermis of the skin and gills of the fish.
After a period of time the trophont leaves the fish and sinks to the substrate, where it forms a cyst or 'tomont'. The tomont undergoes a series of palintomic divisions producing daughter cells or 'tomites' which differentiate into 'theronts'. Upon excystment the theronts are liberated to infect new hosts. On average the whole life cycle is completed in around 9 to 10 d at 24 to 25OC (Colorni 1987) .
Previous studies of Cryptocaryon irritans have largely been confined to the examination of infections of captive fish after the parasite has been introduced into aquaria or a manculture facility, often by an unknown source. Indeed, the presence of C, irritans is usually detected only after its numbers have built up on confined fish, and the original source of infection in these cases is often a matter of speculation. Previous records from wild fish indicate that natural infections
MATERIALS AND METHODS
of C. irritans are geographically widespread, but rare. ture in Moreton Bay and its estuaries ranges annually One study of 36 species of coral reef fish from Fiji between 15 and 28"C, and C. irritans is regarded as a (Laird 1956) found infections of C. irritans on only 1 parasite of mainly tropical fishes (Wilkie & Gordin species (Epinephelus merra). Wilkie & Gordin (1969) 1969), we decided to conduct a survey of wild A. ausfound C, irritans infections on wild opaleye Girella tralis to examine whether C. irritans infections nigncans from tidal pools near Scripps Institute of occurred throughout the year or whether there were Oceanography, California, USA, but indicated that seasonal variations. As the survey progressed, other these infections may have been introduced by aquarsampling sites and fish species were added to deterium effluent from the Institute. In Malaysia, Leong & mine whether the prevalence and intensity of infec- Wong (1989) found the prevalence of infections of C.
tions varied between fish species and study sites. irntans on wild Lutjanus johni to be only 2 % (1 fish out of 50 infected). Bunkley-Williams & Williams (1994) recorded 3 specimens of sand drum Umbrina coroides from Puerto Rico as heavily infected with C. irritans, whilst 48 specimens of 27 other species examined from Fish were collected by line fishing or cast net at 3 the same collectiofis were not infected. Other than U.
sampling sites between March 1994 and May i395. coroides, these authors had not recorded C. irritans
Site 1 was at the mouth of the Brisbane River estuary in from over 3000 specimens of over 250 species of wild western Moreton Bay, SE Queensland ( Fig. 1) . Site 2 fish collected in 20 yr of s a m p h y . Recent iaboratory was Jumpinpin, a coastal bar area in eastern Moreton studies of C. irritans have obtained the parasite from Bay, whilst Site 3 was Heron Island (23"27'S, retailers importing various species of tropical marine 151°55'E), a coral cay in the southern Great Barrier fish (Burgess & Matthews 1994a , 1995 Reef approximately 700 km north of Moreton Bay. A Dickerson 1994) .
total of 152 fish of 6 species were collected from Site 1 Our interest in Cryptocaryon irritans stems from our in 10 sampling trips from March 1994 to April 1995. observations that when wild yellow-fin bream AcanDuring this time water temperature at the site ranged thopagrus australis from the Brisbane River, Moreton between 15 and 27°C and s a h i t y between 35 and Bay, Queensland, Australia, were maintained in recir-36%0, except for 1 sampling trip (March 1994) where culating aquaria, they became infected with C. irritans the salinity was 30%0. The species collected were and the infection quickly reached epizootic levels at Acanthopagrus australis (Giinther), Rhabdosargus 20 * 1°C and 35%" salinity. Since the water tempera-sarba (Forsskbl), Gerres ovatusGiinther, Sillagomacu- Grant (1985) . All fish from Sites 1 and 2 were transported back to the laboratory in aerated 60 1 plastic bins containing seawater nfin from the site of collection. Within 2 to 6 h of capture, fish were placed individually in aquaria containing seawater dduted to 30%0 with tap water (except for the 9 specimens of Spheroides pleurogramma which were all placed in 1 aquarium). Fig. 1 No filtration was used throughout the 8 d period, with water quality being maintained by aeration, a water change on Day 2, and transferring fish to clean aquaria containing unused 30%0 seawater on Day 4. The fish were not fed for the duration of the experiments to help maintain water quality and minimise the production of excessive amounts of sediment.
To examine the aquarium bottom the fish was removed, measured (length to caudal fork in cm) and then transferred to a clean aquarium. The sediment in each aquarium was then allowed to settle for 5 min before the supernatant water was siphoned off, with care being taken not to disturb any sediment on the tank bottom, until approximately 1 to 2 cm of water remained. The aquarium was then placed on a background of black plastic and the entire bottom was examined for tomonts which had adhered to the glass surface. Stationary tomonts were easily seen with the naked eye against the black background when the surrounding sediment was moved away using a water jet from a pasteur pipette. The tomonts detected using this method were carefully detached using a fine paintbrush, collected with a pipette, counted and their diameters were measured. The aquarium bottom was then thoroughly brushed with a large paintbrush to remove any remaining unseen or unattached tomonts, after whlch the sediment was transferred to a 3 1 beaker to settle for 5 min before decanting of the supernatant. The concentrated sediment was then transferred to a large petri dish and examined under a dissecting microscope, where any remaining tomonts were collected, counted and measured. All measurements of tomont diameters were made using a calibrated ocular micrometer. Performing these examinations twice for each fish, on Days 4 and 8 of captivity, it was possible to record the number and diameter of all of the tomonts which left each fish.
Surveys at Site 3 were conducted in a slightly different manner. A total of 76 fish from 5 species were collected at Site 3 in 2 sampling trips. Specimens of Gymnocranius audleyi Ogilby and Lethrinus miniatus (Bloch & Schneider) were collected in October 1994, whilst these and specimens of Epinephelus quoyanus (Valenciennes), Lutjanus carponotatus (Richardson) and Plectropomus leopardus (Lacepede) were also collected from the same area in February 1995. Fish were transported to the laboratory in 60 1 plastic drums containing aerated seawater from the site of collection, then placed individually in aquaria. Aquarium sizes were as described above except for fish longer than 40 cm fork length, which were placed individually in aquaria measuring approximately 45 X 45 X 80 cm. Water quality was maintained by directing a trickle of seawater into the aquaria so that the volume of seawater contained in the aquarium was exchanged about once daily. Water temperature was maintained at that of the sea water surrounding Heron Island at the tinle of experiments, 23°C for October 1994 and 28°C for January 1995, whilst salinity remained between 35 and 36%0 throughout. Procedures for feeding fish, examining aquarium bottoms and counting tomonts were as described for Sites 1 and 2. Fish from Site 3 were identified from Randall et al. (1990) .
One-and 2-way ANOVA and Tukey's test were used to determine significant differences in tomont sizes between species and sampling sites. These and calculations of values for Pearson's correlation coefficient and linear regressions were performed on SAS software (Ver. 6.02 ) . Probability values of less than 0.05 were considered significant.
RESULTS
A total of 358 fish of 14 species were collected from the 3 sites. Of these, tomonts of Cryptocaryon irritans were recorded from 239 fish (66.7 %) from 13 species (Table 1) .
At Site 1 the prevalence of Cryptocaryon irritans infections ranged between 0 and l00 % for the 6 species examined. Overall, the prevalence of C. irritans infections at Site 1 was 79% (120 out of 152 fish), and the mean intensity was 12.9 tomonts fish-' (1547 tomonts collected from 120 infected fish). The mean intensity of infections of Acanthopagrus australis (14.6 tomonts fish-') was much higher than that for all other species at Site 1. The diameter of the tomonts collected varied sigmficantly between species (p = 0.0001). The tomonts collected from A . australis (mean diameter 464 pm) were sigmficantly larger than those from Rhabdosargus sarba (mean 370 pm) and Srllago maculata (mean 330 pm), but were not significantly different to the diameter of tomonts collected from Spheroides harmltoni (mean 427 pm) or Lutjanus russelli (mean 486 pm). The mean diameter of the tomonts collected from all fish from Site 1 (n = 1547) was 458 pm (range: 210-763 pm). At Site 2 the prevalence of infections ranged between l l and 88 % for the 5 species of which more than 1 specimen was examined ( Table 1 ). In addition, 1 specimen of Spheroides harniltoni was infected and 1 specimen of Pagrus auratus was uninfected. Data for prevalence were not gathered for the 9 specimens of S. pleurogramma. Overall the prevalence of infections at Site 2 (excluding S. pleurogramma) was 66 % (80 out of 121 fish) and the ~ntensity of infections (includmg S, pleurogramma where 30 cysts were collected from the aquarium containing 9 fish) averaged 5 tomonts fish-' (443 tomonts collected from 89 fish). Specimens of Sillago maculata (8 tomonts fish-'), Sdlago ciliata (5.7 tomonts fish-') and Acanthopagrus australis (5.2 tomonts fish-') had the highest meanintensities of infection at Site 2. Again, the dameter of tomonts varied significantly between species (p = 0.0001), with tomonts collected from A. australis (mean 487 pm) being significantly larger than those collected from all other species from Site 2. The mean diameter of the tomonts collected from fish from Site 2 (n = 443, mean 457 pm, range: 197-684 pm) was virtually identical to that from Site 1.
At Site 3 the prevalence of infections of Cryptocaryon irritans ranged between 38 and 73 % for the 4 species of which more than 1 specimen was examined ( Table 1) . In addition, the 1 specimen of Plectropomus leopardus examined was found to be infected. Overall the prevalence of C. irritans infections at Site 3 was lowest at 51 % (39 out of 76 fish), as was the mean intensity (2.35 tomonts fish-'). Specimens of Lethrinus miniatus had the hlghest mean intensity of infection (3.9 tomonts fish-'). The diameter of the tomonts collected from fish from Site 3 did not vary significantly between species, however overall their diameter (n = 92, mean = 322 pm, range: 221-505 pm) was significantly smaller (p = 0.0001) than that of the tomonts collected from both Sites 1 and 2.
Closer examination of infections of the 175 specimens of Acanthopagrus australis collected from Sites 1 and 2 showed that there was no evidence that the prevalence or intensity of Cryptocaryon irntans infections varied seasonally with water temperature (Fig. 2) . Infections were recorded throughout the year even though water temperatures remained at or below 19°C for around 4 mo (Fig. 7) .
DISCUSSION
Sampling date
The prevalence and intensity of (Fig. 2) . This is ovatus was Lightly infected. At Site 3, Lethnnus miniaalso shown in Fig. 3 , which depicts the distribution of C.
tus had the highest prevalence and intensity of infecirritans infections of the A. australis sampled from both Sites 1 and 2. The data con- A wide range of sizes of Acanthopagrus australis were sampled at both sites (7 to E 15 26 cm fork length for Site 1, 9 to 26 cm for O Site 2). These size ranges cover O+ to 3+ 3 5 10 year class fish (Pollock 1982) . When intenz sity of infections was compared to fish length, there was Little correlation (Fig. 4) .
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The dlameter of the tomonts collected from each fish was also recorded and compared to fish length. It can be seen from these re- (Colorni 1985 , Diamant et al. 1991 . However, wild hosts may be due to unequal exposure of hosts to the low susceptibility of Rhabdosargus sarba in this infective stages because of differences in host behavstudy does show that even closely related fish from iour or ecological niche. For example, foraging species the same geographic areas (sparids A , australis and R. with bottom feeding habits such as Acanthopagrus aussarba from Sites 1 and 2) can differ markedly in their tralis, S d a g o maculata and S. cilzata may be predissusceptibility to C. irritans. sites in this survey could be related to many environmental factors. Obvious differences among sites included available substrates, the amount of water movement, water quality and the number of fish present, whilst salinity and water depth varied little among sites. The Brisbane River, where the highest prevalence and intensity of infections occurred, is the most sheltered of the 3 sites. This site is estuarine, with negligible wave action, moderate current flow and alternating rocky and muddy substrates. Water quality here is comparatively poor and total fish numbers (as indicated by our field collections) are comparatively low. Site 2 at Jumpinpin is a coastal bar location dominated by sandy substrates and predominantly strong currents. Water quality is good and fish numbers appear to be relatively high. Fish from Site 3 at Heron Island had the lowest prevalence and intensity
Non-susceptible fishes such as Gerres ovatus, which of infections. Site 3 is a platform coral reef which is suris also a bottom feeder (Blaber & Blaber 1980) , may rounded by oceanic waters and subject to substantial come in contact with theronts but do not become amounts of water movement. There are large areas of infected, or perhaps conditions for trophont survival on hve coral and algal cover, water quality is excellent such hosts are not optimal. The existence of fish resisand fish numbers are vast. water movement, the number of fish present, water quality, or a combination of some or all of these factors. Even though the water temperature at Sites 1 and 2 dropped below 19°C for around 4 mo of the year, infections of Cryptocaryon irritans on Acanthopagrus australis were present all year round. Indeed the heaviest infections at Site 1 occurred at 17"C, and infections were still recorded at 15"C, a temperature at which C. irritans infections were found not to occur in previous studies (Wilkie & Gordm 1969) . In contrast, Cheung et al. (1979) found the optimal temperature for excystment of C, irritans to be 30°C. This indicates the possible existence of strains of C, irritans which can be differentiated by their temperature tolerances, as has been proposed previously for C. irritans by Diamant et al. (1991) , and for the freshwater ciliate .!cht!!yophtAhirius multifiliis Fouquet by Nigrelli et al. (1976) . The presence of strains or sibling species of I. multifiliis was recently confirmed in~~ur~oiogicaliy by Dickerson et al. (1993) . Since the water temperature at Site 3 in this study seldom drops below lg°C in winter, it is possible that the C, irritans isolated from the fish from Site 3 has different temperature tolerances than the isolates from Sites 1 and 2. Preliminary studies in our laboratory also indicate that there may be some significance in the fact that tomonts collected from Sites 1 and 2 showed variation in diameter with host species, whilst those from Site 3 did not.
From our study of infections of Acanthopagrus australis from Sites 1 and 2 it was clear the diameter of tomonts was not influenced by fish size, but varied inversely with water temperature. A sirmlar relationship between water temperature and parasite size has been found in fish experimentally infected with this isolate of Cryptocaryon irritans (Diggles & Lester 1996) , and is well known for I. multiffis (see MacLennan 1942 , Wagner 1960 . One advantage of producing larger tomonts at lower temperatures could be an increase in the number of infective stages, as this is directly related to tomont diameter (Colorni 1985 , Diggles & Lester 1996 . However, theront size at lower temperatures is also larger (Diggles & Lester 1996) , so the increase in tomont size at lower temperatures in effect acts only to maintain the overall number of larger infective stages. Why C. irritans theronts are larger at lower temperatures is not clear, but it has been hypothesised that larger infective stages may have greater reserves of energy to increase their period of infectivity at lower temperatures (Diggles & Lester 1996) .
In contrast to results of previous studies (Laird 1956 , Leong & Wong 1989 , Bunkley-Williams & Williams 1994 , our results show that wild fish harbouring infections of Cryptocaryon irritans are quite common in the areas we surveyed. In previous studies researchers used conventional autopsy and wet smear techniques which appear not to be effective for detecting the low intensity C. irritans infections typical of wild fish. Indeed it would be virtually impossible to accurately estimate the intensity of the C. irntans infections found in this study if conventional dissection methods were used. Examining the aquarium bottom for tomonts appears a more sensitive technique, though the process of collecting tomonts, siphoning supernatants and decanting sediments can still result in some tomonts being overlooked. There is also a potential for overestimation if water temperatures are not carefully monitored to ensure that tomonts are detected and removed before they excyst and reinfect fish. Preexperiment trials ensured that this did not occur in the present study, thus the data obtained in this survey may in some cases be slight underestimates of the intensity of wild infections, but in no instance are they overestimates. Another drawback of our method is that the researcher is restricted in the size and number of fish which can be examined at any one time (as in this study) by the size and number of aquaria which are available, but on the other hand, this nondestructive method of sampling for C. irritans allows the researcher to return the fish to the wild alive.
It is clear that Cryptocaryon irritans is common year round in the subtropical waters we sampled. Further application of our tomont collection technique may prove that this parasite is in fact abundant in tropical and subtropical waters throughout the world and is not rare as previously thought. In addition, it may be found that C, irritans exhibits a degree of host specificity in many areas where it occurs in the wild. Since we found infections to occur in water temperatures down to 15"C, the distribution of C. irritans in the wild is effectively widened (at least seasonally) into warm temperate waters, and thus has important implications for temperate aquaculture in Australia and worldwide. We also found that C. irritans infects estuarine fish, thus extending its known range into estuaries as well as open waters.
